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(57) [Abstract] 

[Problem] Isotropy of material properties is high, espe 
dally specific electrical resistance and its anisotropy 
aresmall, in addition are superior even in gas 
irrperrneability, offer rrmufecturing method ofthe 
preferred nrernber as separator of solid polymeric type 
fuel cell. 

[Means of Solution] In flaky natural graphite powder 
or expanded graphite powder 80 to 95 weight% 
blending and kneading it does with weight ratio of 
ttetherrrosetting resin 20 to 5 weigftt% of nonvolatile 
fraction 65 % or higher, granulating does kneaded 
substance, after being filled inthe molded container, 
vacuum out gassing doing granulating pellet of 
particle diameter 10 to 1000 (jm , isotropic press 
molding it does,after processing molded article in 
specified shape, thermosetting it does with 
theternperature of 150 to 280 °Q or with temperature 
of 150 to 280 °C trermosetting afterdoing, it 
processes in specified shape, flaky natural graphite 
powder or expanded graphite powder which 
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administers preferably surface treatment is used, 
inaddition porosity of granulating pellet is set to 5 % 
or higher. 
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[Qaiml] In flaky natural graphite powder or expande 
d graphite powder 80 to 95 weight% thermosetting 
resin of nonvolatile fraction 65 % or hi^ier with 
weight ratio of 20 to 5 weight% combination, 
kneading, granulating it does kneaded substance, after 
being filled inthe molded container, vacuum 
outgassing doing granulating pellet of particle 
diameter 10 to 1000 jjm , isotropic press molding it 
does,after processing molded article in specified shape, 
thenrcsetting it does with theterrperature of 1 50 to 
280 °C, rrmiufacturing method of separator member 
for solid polymeric type fuel cell which or withthe 
temperature of 1 50 to 280 °C thermosetting after doing, 
it processes in thespecified shape, designates thing as 
feature. 

[Claim 2] Flaky natural graphite powder or expanded 
graphite powder surface treatment rranufatfiiring 
method of separator member for solid polyrrenc type 
fuel cellwrrich is stated in Claim 1 which is something 
which is done. 

[Claim 3] ManufecturingriEthod of separator member 
for solid polymeric type fuel cell which is stated in 
Claim 1 where porosity of granulating pellet is 5 % or 
higher. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] As for this inventio 
n, it regards rrmufarturing method of carbonaceous 
separator member which is used forthe solid polymeric 
type fuel cell. 

[0002] 

[Prior Art] Solid polymeric type fuel cell is formed from 
2 current collector which is provided in stack , the and 
its outside which laminate unit cell which consists of 
theelectrolyte film of solid polymer which consists of 
perfluorocarbon sulfonic acid or other ion exchange 
membrane and 2 electrode which isprovided in both 
sides and separator etc which provides gas supply 
groove wrrichsupplies hydrogen or other fuel gas or 
oxygen or other oxidant gas to respective electrode. It 
is a construction which resembles phosphoric acid 
type fuel cell, but operating temperature is 
lowgeneration of electricity of high output is possible 
considerablyalthough with relationship which uses 
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high performance polymeric electrolyte film for 
electrolyte portion byconparison with operating 
temperature 180 to 220 °C of 80 to 100 °C and 
phosphoric acid type fuel cell. 

[0003] It is necessary to make internal resistance of batt 
ery small in order high-level gas irrperrneabilityis 
required by this separator , in order to supply to 
electrode with thestate which separates with for 
example fuel gas and oxidant ^s completely, 
inaddition to make electricity generating efficiency 
high Furthermore, radiating heat emission which 
accompanies battery reactionefficiently, or other 
material characteristic which in order equalization to do 
battery internal terrperaturedistribution for guaranteeing 
high thermal conductivity and long period durability 
is superior inthe corrosion resistance has been needed 
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[0004] Example which is formed with pure copper and 
stainless steel etc has beendisclosed material of 
separator in for exarrple Japan Unexamined Patent 
Publication Hei 4 - 267062 disclosure as separator 
where thiskind of material characteristic is required 
But, with material of these metallic extending to 
hydrogen gas and thelengthy which it uses as fuel gas 
in order to contact, materialdeterioration with 
hydrogen brittle occurs, there is a deficiency where 
battery performancedecreases. 

[0005] In addition, with phosphoric acid type fuel cell 
material of carbonaceous type, glassy carbonmatenal 
which for especially irrpenreability is superior is 
used for theseparator. It is a unique carbon material 
which displays properties of glass where asfor glassy 
carbon material phenolic resin and furan resin or other 
thermosetting resin liquid it forms and thepyrolyzation 
does with temperature of 800 °C or higher after 
therrrDsetting and and in the non-oxidizing 
atmosphere is acquired 

[0006] But, while glassy carbon material has dense or 
gani2ational structure, shows high gas irrpeirreability, 
because hardness to be high it is a brittle, there isa 
defiderK^thatthefebricabilityisbad Furthermore 
there is a difficulty that thermal conductivity to be low 
electrical resistance islarge in comparison with material 
of metallic it uses as separatorof solid rx)lymeric type 
fuel cell which is driven with high current density by 
comparison with the phosphoric acid type fuel cell, it 
is not suitable. 

[0007] Thermal conductivity is high in comparison wit 
h glassy carbon material, as for thegraphite material 
where also electrical resistance is low, in structure 
microscopic air hole ^p large nurnberthe gas 
irrpermeability cannot be low because it exists use 
graphite material that way asthe separator of solid 
polymeric type fuel cell. It inpregnates thermosetting 
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resin liquid in this air hole gap, thermosetting does 
and as for theatterrpt which is made gas inperrreability 
by thing which is plugged the various methods has 
been proposed air hole gap from until recently. 

[0008] Impregnation and curing does Friedel-Crafts resi 
n to Japan Unexamined Patent Publication Showa 52 - 
125488 disclosure in carbon material for example 
specificis done resin which is impregnated as 
irflnufacturing method of impermeability carbon 
product which, In Japan Unexamined Patent 
Publication Showa 59 - 57975 disclosure blend of 
phenolic resin and pitch is impregnated in thecarbon 
group material, said impregnation ones carbonizing or 
production method of theimpermeability carbon 
material which graphitization is done, in addition 
cresol resin and rranufacturing method etcin carbon 
material contains cresol resin at ratio of 40 to 95 weight 
% of irnpermeability carbon material which which nixed 
resin liquid of phenolic resin impregnation and curing 
is done has been proposedto Japan Examined Patent 
Publication Hei 6 - 3 1 1 84 disclosure . 

[0009] In addition, until you insert carbonaceous mater 
ial in impregnation tank in Japan Examined Patent 
Publication Hei 5 - 67595 disclosure specific is done, 
impregnation and curing condition as under vacuum 
soak in thenrosetting resin ofthe liquid, change inside 
of system to pressurized state next and liquid resin 
does theinitial hardening nmufactoing method of 
iirperrreability carbon material which heat treatment is 
done is proposed withthe temperature of 30 °C or 
higher. 

[00 1 0] But, to use impermeability carbon material wrac 
h is acquired with these rrethod, as separatorof solid 
polymeric type fuel cell they are not satisfactory ones 
in point which gas irnpermeability , the thermal 
conductivity and electrical conductivity or other 
characteristic balance well is granted, there is a 
difficulty wrichthe anisotropy is easy to occur in 
physical properties and for example electrical 
resistance or other characteristic intheespecially 
graphite material . 

[001 1] Then as for this applicant gas irrpermeability , 
QP molding after heating and mixing it did in 
carbonaceous powder of rmximumparticle diameter 
125 |Jm or less includingthe binder, it was superior in 
thermal conductivity , electrical conductivity and 
corrosion resistance etcbalance had these r^ormance 
well, as production method of preferred graphite 
member as separator etc of solid polymeric type fuel 
cell, calcining and graphitization did next and it 
impregnatedthe thermosetting resin liquid in isotropic 
graphite material of average pore diameter 10 |imor 
less and porosity 20 % or lower which are acquiredit 
developed it proposed rranufacrunng method (Japan 
Unexamined Patent Publication Hei 8 - 222241 
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[00 15] 



disclosure) of graphite member for solid polymeric type 
fuel cell whichthe curing is done. But, with 
relationship which passes step, calcining and the 
graphitization long period was required in production, 
cost reduction was difficult. 

[0012] 

[Problems to be Solved by the Invention] As for these i 
nventors, On basis of technology of above-rrentioned 
Japan Unexamined Patent Publication Hei 8 - 222241 
disclosure furthermore ofadvancing research as for 
result, thermosetting resin was mixed to powder of 
natural graphite or expanded graphite which issuperior 
in electrical conductivity, directionality of 
characteristic was little by isotropic press 
moldingdoing pellet which granulating is done, 
anisotropy of especiallyelectrical resistance was small, 
in addition discovered fact that strength andthe gis 
inpermeability are high can grant preferred performance 
as separator member for solid polymeric type fuel cell. 

[0013] This invention is something which was develo 
ped on basis ofabove-mentioned knowledge, it is to 
offer rmnu&tunng method of separator member forthe 
solid polymeric type fuel cell where object isotropy of 
material properties is high, improves thearrisotrcpy of 
especially electrical resistance, in addition is superior in 
material strength and gas impermeability. 

[0014] 

[Means to Solve the Problems] Due to this invention in 
order to achieve above-mentioned objective as forthe 
manufacturing method of separator member for solid 
polymeric type fuel cell, In flaky natural graphite 
powder or expanded graphite powder 80 to 95 
weight% therrrcsetting resin of nonvolatile fraction 65 
% or higher with weight ratio of 20 to 5 weighr% 
combination, kneading, granulating it does kneaded 
substance, after being filled inthe molded container, 
vacuum out gassing doing granulating pellet of 
particle diameter 10 to 1000 urn , isotropic press 
molding it does,after processing molded article in 
specified shape, therrrosetting it does with 
theterrperature of 150 to 280 °C, or with temperature 
of 150 to 280 °C thermosetting afterdoing, it 
processes in specified shape, thing is designated as 
feature inregprd to constitution. 

[0015] 

[Enixxiirrent of Invention] It uses flaky natural graphit 
e powder or expanded graphite powder (Below 
"Such as natural graphite powder " with there are also 
times when you say ") where as for this invention, 
degree of crystallization of thegraphite is high in 
comparison with artificial graphite, is superior in 
electrical conductivityas starting material these natural 
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graphite powder etc it is something which unifies 
thermosetting resinas binder, separator for solid 
polymeric type fuel cell, usually, is processed in 
boardof thickness 1 to 3 mm extent, in order to 
supply fuel gas or oxidant gas, thegas slot of depth 0. 
5 to 1 mm is usually formed in both front and back 
sides . Therefore, when natural graphite powder or 
other particle diameter is large, flaking etc of graphite 
particlehappening these processing times, air hole gap 
being formed, gas inperrneabi 1 itydecreases, in addition 
inside of battery is polluted and meansalso that battery 
performance is impaired Because of that, as for natural 
graphite powder etc average particle diameter those of 
particle properties ofthe 100 urn or less it can use 50 
urn or less and maxirrum particle diameter desirably. 
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[0016] As for flaky natural graphite powder and expan 
ded graphite powder surface is inactivity because 
thedegree of crystallization of graphite is advanced, 
adhesiveness of thermosetting resin is low, thereare 
times when guaranty of material strength and gas 
mpermeability becomes difficult. Because of that, 
surface treatment doing these natural graphite powder , 
etc it is desirable toimprove. surface treatment is done 
by wet type oxidation treatment due to ozone 
oxidation treatment or chloric acid , the persulfuric acid 
and nitric acid or other oxidant, but in atmosphere 
method which pulverizing process lsdone to be simple 
in mechanical, because it can treat quickly, it 
isdesirable, can use for example ball mill , mill , jet 
mill and crusher or otherappropriate means. 

[0017] It combines natural graphite powder etc and the 
rmosetting resin, with weight ratio of 80 to 95 wt% 
andthe thermosetting resin 20 to 5 wt%, such as 
natural graphite powder kneads. When weight ratio 
of thermosetting resin which it combines is high, 
iroldabilityimproves, also gas impermeability becomes 
high but electrical resistance increases, 
whenconversely, natural graphite powder or other 
weight ratio is high, electrical resistance decreasing, 
electrical conductivityimproves, but moldability 
decreasing, it means with to cause thedecrease of gas 
impermeability and strength. Therefore, it is set to 
above-mentioned weight ratio in order gas 
irrpermeabilityand strength and electrical resistance 
balance well to grant. 

[00 1 8] Thermosetting resin which functions as natural 
graphite powder or other binder is used those of 
nonvolatile fraction 65 % or higher. When 
nonvolatile fraction is under 65 %, function as binder 
is not shownin satisfactory, adhesion of graphite 
powder is obstructed and it keepscausing decrease of 
material strength and means with to bring increaseof 
electrical resistance. Furthermore , nonvolatile fraction 
resin sample of constant amount is taken inthe round- 
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bottom flask and it is a value which is measured as 
weight residual proportion after thel hour thermal 
processing with 135 °C 

[0019] If there is a acid resistance which it can withstan 
d sulfonic acid and sulfuric acid acidity ofthe heat 
resistance , and pH 2 to 3 extent which it withstands 
80 to 120 °C whichis a temperature at time of 
generation of electricity work of solid polymeric type 
fuel cellas theirrDsetting resin which is used, there is 
not especially restriction, canuse for example phenolic 
resin, furanresin and epoxy resin or other resia 
These therrrosetting resin combine to natural graphite 
powder etc with specified weight ratio as solution 
whichis melted in or^nic solvent of liquid 
(precondensate) and alcohol or other volatility, 
kneading are done. 

[0020] Kneaded substance granulating doing with app 
ropriate granulator such as pin typegranulator and 
rotating drum type granulator pelletizing it does. As 
for natural graphite powder or other surface kneaded 
substance is formed with state which is coveredby 
thermosetting resin of nonconducting by kneading , 
but kneaded substance fracture beingdone at time of 
granulating, as it becomes granulating pellet which 
graphiteaspect exposes, electrical conductivity 
improves, it is possible to assure thecorrection of 
anisotropy of natural graphite powder or other 
directionality namely electrical resistance or other 
material properties at time ofthe kneading. Furthermore 
as granulating auxiliary agent, it is possible also at 
time ofthe granulating to add water and poly vinyl 
alcohol or other appropriate crocking agent. 

[0021] Pellet which granulating is done is filled in rub 
ber press or other OP molding container, but in 
thiscase, it can use granulating pellet of particle 
diameter 10 to 1000 urn in order to be filled 
equallyinside molded container, in addition vacuum 
does inside molded containerappropnately and from 
granulating pellet outgassing does volatile component 
in thesatisfactory. This way it can control orientation 
of flaky natural graphite powder and expanded 
graphite powder pelletwhich kneaded substance 
granulating is done by being filled inside molded 
container, inaddition also degassing of volatile 
component becomes easy. Furthermore, if porosity of 
granulating pellet is 5 % or higher, because it 
ispossible to do degassing more easily, it is desirable. 

[0022] Isotropic press molding it does granulating pell 
et which is filled inside OP molding container, with 
thepressure of for example 1 to 7 ton/cm2 with rubber 
press , makes molded article, as for molded article 
which is acquired processing in specified shape ,and 
for example platelet after adrrinistering planarization 
and groove fabrication, with theternperature of 1 50 to 
280 °C method thermosetting of doing thermosetting 
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resin component. Or with temperature of 1 50 to 280 
°C thermosetting is done, processing thermosetting 
resin corrponentin rear plate condition etc which 
method of administering plananzation and groove 
fabrication separator member for solid polymeric type 
fuel cell is produced by . 

[0023] Separator member where isotropy of material pro 
perties is higfi this way, in additionis superior in 
material strength and gps impermeability can be 
produced Especially, anisotropy of electrical 
resistance is large when, When surface direction (X - Y 
direction) of for example plate molded article and 
difference of specific electrical resistance of thickness 
direction (Z direction)is large, it comes to point of with 
causing increase of theinternal resistance of battery 
because flow of current in inside becomes nonuniform, 
but there is a deficiency where electricity generating 
efficiency decreases according to separator memberfor 
solid polymeric type fuel cell which if is produced by 
method of this invention, itbecomes possible to 
remove this kind of deficiency to effective. 

[0024] 

[Working Example(s)] Below, contrasting Working Ex 
ample of this invention with Comparative Example, 
you explain. 

[0025] Working Example 1 to 3 and Comparative Exa 
mple 1 to 4 

In expanded graphite powder, it combined resin soluti 
on ( resin concentration ; 50 weight% ) which melts 
phenolic resin of the nonvolatile fraction 67 % in 
methanol with weight ratio which differs, under 
pressurizingthe 0.2 kgfarC it kneaded in satisfactory 
with pressure kneader . While adding water, kneaded 
substance making use of pin type granulatorthe 
granulating it did, feed amount of kneaded substance, 
adjusted rotation rate and the water amount etc of 
granulator shaft and it produced granulating pellet 
where particle diameterdiffers. vacuum drying doing 
these granulating pellet with room temperature, 
vaporizing and removing after doing themethanol and 
water or other volatile component, sieve classification 
doing fraction collection doing granulating pelletwhere 
grain size range and porosity differ, it was filled in 
rubber typewhich is a molded container, including 
pressure of 100 g / cm2 while it did thedegassing 
treatment under vacuum of 50 torr. Next, QP molding 
doing with molding pressure of 2 ton/cm2, it produced 
thernolded article of 150 X 150 X 50 mm, 
themx)setting did with temperature of 1 80 °C in the 
atmosphere, cutting doing this molded article, it 
finished in thickness 2.6 mm, furthermore didthe 
groove fabrication in both surfaces and 5 0 formed 
slot of width 1 mm andthe depth 0.5 mm This way, 
separator member for solid polymeric type fuel cell 
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which expanded graphite powder and cured 
resincompound unify was produced 
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[0026] Working Exanple 4 

Powder fragment doing expanded graphite powder in a 
tmosphere, besides it administers thesurface treatment it 
produced separator member with same method as all 
Working Example 2. 

[0027] Comparative Example 5 

Granulating doing without, it uses kneaded substance 
that way besides separator rnernberwas produced with 
same method as all Working Example 2. 
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or meniier for solid polymeric type fuel cell, which it 
produces inthis way it showed in Table 1 . 
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[0 0 3 0] *lz* CtibO)-tr/N B Lx— Jrg|lW{zoiNTTIS<D^ [0030] Next, measuring characteristic duetobelow-men 
s£fcJ:yi#14SiRI£L"C, -t(D8ft£8 2(zSLfc«» tioned method conceniingthese separator member, it 

showed result in Table 2. 

<DimJ±S#L (Qcm) ; J I S R7 2 0 2lc£ y»|S. .circle-1. specific electrical resistance (Q-cm); with JIS 

R7202 measurerrent. 

©Slf (kgf /erf) ; J I S K 6 9 1 1 J: y .circle-2. flexural strength (kgPorC); with JIS K6911 

measurement. 

®#*2iB* (cm3/cm2 min) ; a*^Xlz«k y 1 Kg/cm2<DE*i£ Case where pressure of 1 kg'crrfi was applied xircle-3. 
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amount of gas transport (cm/ cmrrin); with the 
nitrogen gas it measures amount of permeation of 
nitrogen gas. 

.circle-4. corrosive current (jiA/cm2); it measures corro 
sive current after 14 0 hour in constant voltage 
corrosion test of the 1.2 V/RHE ( silver chloride 
electrode use) in benzenesulfonic acid aqueous 
solution of temperature 30 °C and concentration 0.0 
3wt%. 
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[0032] Fromresult of Table 1 and 2, following to man 
ufacruring condition whichspecific is done with this 
invention, separator member of Working Example 
which itproduces specific electrical resistance to be a 
low position in comparison with separator memberof 
Comparative Example, be able to recognize feet that 
also anisotropy issmall, in addition also flexural 
strength and gas permeability to be low, 
becausefliilJierrrDre also corrosive current is small, it 
understands that it haspossessed performance which is 
superior as separator member for solid polymeric type 
fuel cell. In addition, with Comparative Example 5 
which does not do granulating of kneaded 
substancethe anisotropy of specific electrical resistance 
is high, it can recognize feet that alsothe amount of 
gas transport becomes many. 

[0033] 

[Effects of the Invention] Sort above, according to this 
invention, in flaky natural graphite powder or 
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expanded graphite r*Dwder,corrfrinirig thermosetting 
resin at specified ratio, kneading, granulatingdoing 
kneaded substance it becorres possible to produce 
separator member for solid polymeric type fuel 
cellwfrich has performance which is superior by specific 
doing grain size range andthe molding condition etc 
of pellet. 
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